Some injector element detail effects on screech in hydrogen-oxygen rockets by Hannum, N. P. & Conrad, E. W.
N A S A  T E C H N I C A L  
M E M O R A N D U M  
1 
I 
x 
z 
a 
I- 
< 
v) 
7 (THRU) 
(NASA CR OR T M X  OR AD NUMBER) 
NASA TM X-52363 
I SOME INJECTOR ELEMENT DETAIL EFFECTS ON 
SCREECH IN HYDROGEN-OXYGEN ROCKETS 
by Ned P. Hannum and E .  William Conrad 
Lewis Research Center 
I Cleveland, Ohio 
TECHNICAL PAPER presented at Fourth Combustion 
Conference/ sponsored by the Interagency 
Chemical Rocket Propulsion Group 
Menlo Park,  California, October 2- 13, 1967j 
1 
I 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION * WASHINGTON, D.C. * 1967 
https://ntrs.nasa.gov/search.jsp?R=19670030892 2020-03-24T00:05:17+00:00Z
SOME INJECTOR ELEMENT DETAIL EFFECTS ON SCREECH 
IN HYDROGEN-OXYGEN ROCKETS 
by Ned P. Hannum and E. William Conrad 
Lewis Research Center 
Cleveland, Ohio 
TECHNICAL PAPER presented at 
Fourth Combustion Conference 
sponsored by the Interagency Chemical Rocket Propulsion Group 
Menlo Bark, California, October 2- 13, 1967 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
SOME INJECTOR ELENEKP DETAIL EFFECTS ON SCREECH 
0 
rl 
cu 
d 
I w 
I 
I N  HYiIROGEN-OXYGEN ROLKETS 
by Ned P. Hannum and E. William Conrad 
L e w i s  Research Center 
National Aeronautics and Space Administration 
Cleveland, Ohio 
ABSTRACT 
0 
An experimental invest igat ion w a s  conducted t o  learn  more about how 
ce r t a in  spec i f ic  d e t a i l s  o f  a concentric tube in jec t ion  element e f f ec t  t h e  
screech charac te r i s t ics  o f  a hydrogen-oxygen rocket. The f ive  var iables  inves- 
t i ga t ed  were (1) in jec t ion  angle, ( 2 )  oxidizer tube b lunt  base thickness, ( 3 )  
oxidizer tube recess  and extension, (4)  oxidizer tube-annulus concentricity,  
and (5) element s i z e  o r  thrust-per-element. Tests were made using a 10.77-inch 
diameter heat-sink combustor a t  nominally 300 psia  chamber pressure. 
e f f e c t s  o f  t he  element d e t a i l  changes on screech are summarized by first noting 
t h a t  these modifications resul ted i n  changes i n  in j ec to r  d i f f e r e n t i a l  pressure 
even though the  physical in jec t ion  area was constant f o r  a l l  similar tests. 
Second, changes r e su l t i ng  i n  increased in jec tor  d i f f e r e n t i a l  pressure produced 
improved screech s t a b i l i t y .  
flow r e s p n s e  model and were found t o  be i n  agreement. 
The 
These data  trends were compared with a hydrogen 
INTRODUCTION 
A s  evidenced by the  extensive development programs required--almost with- 
ou t  exception--in achieving f l i g h t  qual i f icat ion,  t he  r a t iona l  design o f  new 
l iqu id  bipropel lant  rocket engines remains an objective.  For hydrogen-oxygen 
propellants and concentric tube type in jec tor  elements, a subs tan t ia l  pool of 
knowledge has been acquired from many s a r c e s .  This information w a s  exploited 
t o  t h e  ful les t  i n  a r r iv ing  a t  the  M-1 design configuration; nevertheless, con- 
s iderable  judgment was required t o  bridge gaps i n  ex is t ing  knowledge. 
more, it w a s  recognized that cer ta in  detai led design var iables  of p t e n t i a l  
impr tance  had t o  be chosen with l i t t l e  or no information i-?garc?ing t h e i r  
ef fec ts  on combustion stabil i ty.  
Further- 
The major objective of t h e  present work w a s  t o  provide design guidance 
regarding t h e  s e n s i t i v i t y  and trends of s t a b i l i t y  as a function of some of the  
element de ta i l  var iables  about which l i t t l e  o r  no information existed.  Most 
of t h e  data are compared with an i n s t a b i l i t y  theory proposed by Fe i le r  and 
t o  pressure perturbations. 
I Heidmann ( re f .  1) which considers the  a b i l i t y  o f  t h e  f u e l  in jec tor  t o  r e s p n d  
The following design var iables  were investigated experimentally aver t he  
ranges indicated: 
A. With a 157 element concentric tube in j ec to r  - 20K th rus t  
1. Injec t ion  angle between annular hydrogen stream and oxidizer 
j e t  . . . . 0 t o  
2. Oxidizer tube blunt  base thickness . . . . 0.014 t o  0.068 inches 
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3. Oxidizer tube recess  and extension . . . . -0.33 t o  +1.25 inches 
4. Oxidizer tube eccen t r i c i ty  
B. With a 421 element concentric tube in jec tor  - 20K th rus t  
Oxidizer tube recess . . . . . . -0.5 t o  0.0 inches 
C. With 8 t o  1000 element concentric tube in jec tors  
Thrust-per-element . . . . . . 2500 t o  20 pounds 
# 
PROCEDURE 
The s t a b i l i t y  of each configuration w a s  expressed i n  terms of t he  hydrogen 
in jec t ion  temperature a t  which screech was encountered. 
was accomplished by varying t h e  amount of 503R l iqu id  hydrogen and ambient t e m -  
perature gaseous hydrogen i n  a mixing tube t o  produce a downward temperature 
ramp. Constant t o t a l  weight flow was  maintained (constant mixture r a t i o )  while 
t he  temperature of t he  injected hydrogen w a s  reduced below t h e  ant ic ipated 
screech l i m i t .  
i n jec t ion  temperature cor respnding  t o  the i n i t i a t i o n  o f  high frequency pres- 
sure  osc i l l a t ions  with an amplitude greater than t h e  noise l e v e l  of s t ab le  com- 
bustion. Data were obtained over a range of oxidant-fuel r a t i o s  t o  e s t ab l i sh  
a s t a b i l i t y  l i m i t  curve. 
This temperature r a t i n g  
The screech l i m i t  w a s  defined as t h e  instantaneous hydrogen 
RESULTS AND DISCUSSION 
I n  t h e  discussion t o  follow, the  experimental r e s u l t s  are considered f o r  
each of t h e  element d e t a i l  var iables  investigated. 
results with an ex is t ing  theo re t i ca l  model w a s  found and w i l l  be discussed with 
the  first configuration presented, then mentioned where applicable with other  
configurations. 
Correlation of some o f  these 
Effec t  of Inject ion Angle. Inject ion angle f o r  a concentric tube element 
w a s  defined as t h e  angle between the  axis  of t he  oxidizer tube and t h e  impinging 
annular fuel stream. A s  sham i n  Fig. I, t h e  hydrogen in jec t ion  temperature a t  
t r a n s i t i o n  t o  screech ( t r a n s i t i o n  temperature) w a s  reduced ( s t a b i l i t y  improved) 
with increasing in jec t ion  angle. The ef fec t  of in jec t ion  angle on character is-  
tic e x h a t  -;elszity e f f i c i e ~ c y  is alsn shnwn i n  Fig. 1 t o  be ins igni f icant .  
Although the  physical hydrcgen inject ion area w a s  constant f o r  each of t h e  
configurations tes ted ,  t he  in jec tor  d i f f e r e n t i a l  pressure schedule varied with 
in j ec t ion  angle. More spec i f ica l ly ,  as t h e  in jec t ion  angle increased, t he  
in j ec to r  d i f f e r e n t i a l  pressure (a t  the  same flow rate and temperature) a l s o  
increased. 
provement i n  s t a b i l i t y  s o  long as the  ine r t i a  and capacitance terms remained 
constant--a condition which w a s  approximated f o r  t h e  data  presented above. 
Another way of describing t h e  s t ab i l i z ing  e f f ec t  of increased in jec t ion  angle 
(and one which lends i tself  t o  comparison of ve loc i ty  r a t i o  and in jec t ion  area 
r a t i o  cor re la t ions  of ref. 2 )  w a s  t o  equate the  increased pressure drop (resis- 
tance) t o  an effect ive hydrogen inject ion area, Aeff. Figure 1 indicates  t h a t  
as i n j e c t i o n  angle i s  increased, there  is a decrease i n  the  r a t i o  of e f fec t ive  
area t o  the physical in jec t ion  area, Aeff/A. 
Considering an i rc rease  i n  pressure drop a s  representing an increase 
* i n  flow resis tance,  t h e  theo re t i ca l  response model of R e f .  1 predicts  an i m -  
c 
- 3 -  
Oxidizer Tube Blunt Ease Thickness. Oxidizer tube b lunt  base thickness 
was  defined as t h e  thickness of t he  oxidizer tubes separating t h e  two propel- 
lants  a t  t h e  in j ec to r  face. A sketch o f t h e  configurations tes ted ,  as w e l l  as 
the  s t a b i l i t y  and combustion performance data, are shown i n  Fig. 2. The data  
indicate  a c r i t i c a l  thickness which corresponds t o  minimum combustion s t a b i l i t y .  
33th increasing and decreasing the  thickness from t h i s  c r i t i c a l  value improved 
s t a b i l i t y .  There w a s  no s ign i f i can t  change i n  cha rac t e r i s t i c  exhaust veloci ty  
eff ic iency over t he  range o f  thickness tested.  
The question w a s  raised, however, t h a t  t h e  necessary changes i n  t h e  
hydrogen f l o w  passages may a l so  have effected the  results. 
of the  pur i ty  of t h e  test ,  t he  Aeff/A data ind ica te  t h a t  increasing t h e  injec-  
t o r  d i f f e r e n t i a l  pressure does improve s t a b i l i t y .  
But regardless  
Oxidizer Tube Recess and Extension. Recessing the  oxidizer tubes of a 
421 element in jec tor  was found t o  have a s t rong s t ab i l i z ing  e f fec t .  The screech 
l i m i t  improved sharply un t i l ,  with a recess depth o f  0.5 inches, complete sta- 
b i l i t y  was obtained down t o  t h e  minimum temperature l i m i t  of t he  t es t  f a c i l i t y  
( f ig .  3). There was ,  however, a slight decrease i n  combustion performance cor- 
responding t o  t h e  improved s t a b i l i t y  ( f ig .  3). A 157 element i n j ec to r  w a s  sta- 
b i l i z e d  when t h e  recess depth w a s  increased t o  0.33 inches ( f i g .  4). Also, it 
i s  shown i n  the  f igure  t h a t  extending the oxidizer tube up t o  0.75 inches caused 
both t h e  cornbustion s t a b i l i t y  and performance t o  decrease. 
of 1 .25  inches, i n s t a b i l i t y  w a s  not encountered even a t  553R, however, t h e  per- 
formance w a s  decreased markedly. 
With an extension 
The t rend of improved s t a b i l i t y  with increased in j ec to r  pressure drop is  
shown i n  Figs. 3 and 4 by noting t h e  trend of Aeff/A with recess. 
Oxidizer Tube Eccentricity.  Two configurations were tes ted.  One using 
washers t o  insure concentr ic i ty  of t h e  oxidizer tubes and f u e l  annuli, and t h e  
other  w i t h  no washers and, therefore,  a random concentr ic i ty  due t o  normal 
manufacturing tolerances.  The resul ts  are shown i n  Fig, 5 and ind ica te  t h a t  
concentr ic i ty  i s  not a c r i t i c a l  consideration f o r  s t a b i l i t y .  
>., 
a function of thrust-per-element i n  Fig. 6. 
above a thrust-per-element of 100 pcunds. 
with thrust-per-element o f  100 pounds o r  less i s  correlated i n  Fig. 7 by t h e  
parameter ve loc i ty  r a t i o  times t o t a l  propellant flow rate per element, VR w ~ / E .  
Charac te r i s t ic  exhaust ve loc i ty  eff ic iency i s  shown as a function of hydrogen 
in j ec t ion  temperature i n  Fig. 8 f o r  a range of thrust-per-element of 20 t o  2500 
pounds. 
i n j ec t ion  temperature, there  w a s  a resu l t ing  decrease i n  performance. Com- 
par issn o f  t he  two 250C-pmd thrust-per-element conf igaa t ions  indicates ,  how- 
ever, t h a t  with proper design and develspment, a respectable level o f  performance 
may be  obtained even f o r  these coarse elements ( r e f .  3). 
Hydrogen in jec t ion  temperature is shown as 
No i n s t a b i l i t y  was encountered 
The s t a b i l i t y  l i m i t  of in jec tors  
A s  t h e  momentum of  the  hydrogel is  decreased by decreasing t h e  hydrogen 
S W R Y  OF RESULTS 
Within the  range r J f  var iables  and t e s t  conditions investigated,  t he  f o l -  
lowing results were obtained: 
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* 
I 
1. By use of t h e  response fac tor  mdel  of Ref. 1, t h e  long observed 
e f f ec t  of hydrogen temperature on screech l i m i t s  of hydrogen-oxygen rockets 
is explained as being due t o  t h e  change i n  in j ec to r  resistance.  
2. Similarly, changes i n  s t a b i l i t y  due t o  changes i n  in jec t ion  ve loc i ty  
r a t i o  are a l so  explainable through t h e  mechanism of changes i n  in j ec to r  hydro- 
gen flow resis tance.  
3. A s  t h e  impingement angle of concentric tube in jec tors  w a s  increased 
from zero (parallel flow) t o  4So, s t a b i l i t y  w a s  improved with no e f f ec t  on 
performance. 
4. The data  f o r  oxidizer tube blunt base thickness effect  ind ica te  a 
c r i t i c a l  thickness which cor respnds  t o  minimum s t a b i l i t y  but  t he  necessary 
changes i n  t h e  hydrogen flow passages may a l s o  have effected t h e  resu l t s .  
5 .  Recessing of the  oxidizer tubes improved s t a b i l i t y  continuously with 
For t h e  coarser elements, e f f ic iency  a l so  improved but  
depth u n t i l  completely s t ab le  configurations were achieved (with elements o f  
two d i f f e ren t  s i zes ) .  
t h e  f i n e  elements produced a s l i g h t  decay i n  efficiency. 
6. Progressive extension o f  the  oxidizer tubes in to  the  thrust chamber 
decreased both s t a b i l i t y  and ef f ic iency  u n t i l  a discont inui ty  occurred. 
t h e  discont inui ty ,  operation w a s  completely s tab le  but  eff ic iency was markedly 
reduced. 
Beyond 
7. I n  regard t o  concentr ic i ty  of  the oxidizer tubes i n  t h e  hydrogen 
annuli, no s igni f icant  e f f ec t  w a s  found. 
8. A broad range of thrust-per-element data  were correlated with the  
parameter [VR Wp/E]. 
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